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SPECIFICATION 

Optical Transmission Line Formation Method, Optical 
Transmission Line and Optical Fiber 
TECHNICAL FIELD 
5 [0001] The present invention relates to an optical 

transmission line constituted by a plurality of optical fibers, 
an optical fiber applicable to the optical transmission line, 
and a method of forming the optical transmission line. 
BACKGROUND ART 

10 [0002] In an optical transmission system, signal light 

transmitted from an optical transmitter is transmitted 
through an optical transmission line constituted mainly by 
optical fibers. Then, the signal light arrives at an optical 
receiver and is received by that optical receiver. In such an 

15 optical transmission system, it is required that the optical 

characteristics of the optical transmission line laid between 
the optical transmitter and optical receiver be excellent in 
order to transmit mass information at high speed. 
[0003] For example, in order to suppress the 

20 deterioration of signal light waveform caused by 

accumulated chromatic dispersion, in an optical transmission 
line formed by connecting an optical fiber for transmission 
with a dispersion compensation fiber, the absolute value of 
the accumulated chromatic dispersion in the overall optical 

25 transmission line is controlled smaller. On the other hand, 

in order to compensate for the loss of signal light suffered 
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during the propagation in the optical fiber for transmission, 
in the optical transmission line formed by connecting the 
transmission optical fiber and an amplification optical fiber, 
the signal light is amplified in the amplification optical fiber. 
In addition, there are some cases that the foregoing 
dispersion compensating fiber and the amplification optical 
fiber are laid in a repeating section, while there are some 
cases to be installed in repeater stations and so on as a 
module rolled in a coil form. 

[0004] Also, when an optical transmission line is 
changed or extended, there are some cases that another 
optical fiber is further connected to existing optical fibers. 
[0005] In the optical transmission line thus formed by 
connecting a plurality of optical fibers, excellent optical 
characteristics of the overall optical transmission line are 
not only required, but also the small loss (connection loss) 
of a connecting point between the optical fibers constructing 
the optical transmission line is required. It is noted that the 
connection loss can be determined by an OTDR (Optical 
Time Domain Reflectometer) test. 

[0006] In the OTDR test, a pulse test light is incident 
from one end of an optical transmission line, and a rear 
scattering light generated at each position while the pulse 
test light propagates through the optical transmission line is 
detected at the one end. Then, based on the time variation of 
the intensity of the rear scattering light, the distribution of 
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the loss in the longitudinal direction of the optical 
transmission line will be obtained. 

[0007] In this way, when the two optical fibers are 
connected with each other, the intensities of the scattering 
light at the front and rear of the connecting point are 
measured by the OTDR test. Then, a small difference 
between these intensities of the scattering light is judged a 
favorable connecting work. On the other hand, the large 
difference between these intensities of the scattering light is 
judged a failed connecting work, resulting in making the 
connecting work again. 

Non-Patent Document 1: OFS, "Mixing TrueWaveR RS Fiber 
with Other Single-Mode Fiber Designs Within a Network," 
(retrieval on February 27,2004), 

< URL:http: //www. ofsoptics.com/simages/pdfs/fiber/whitePa 
per/MixingSingle-ModeFibersl 002-0702. pdf > 
DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
[0008] After studying a conventional optical 
transmission line constituted by a plurality of optical fibers, 
the inventors have found out the following problems. 
Namely, in a case where a pulse test light is incident from a 
first end of an optical transmission line adapted by 
connecting a plurality of optical fibers for the purpose of 
improvement of the characteristics, even when a difference 
between the intensities of the scattering light obtained by the 
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OTDR test is small, there are some cases that an actual value 
of the connection loss is large; on the contrary, even when 
the difference between the intensities of the scattering light 
is large, there are some cases that an actual value of the 
connection loss is small . This is because an error is 
contained in the measurement value j3 1 of the connection 
loss that is determined by the difference between the 
intensities of the scattering light where the pulse test light is 
incident upon the optical transmission line from the first end 
of the optical transmission line. 

[0009] For this reason, in order to obtain a more precise 
measurement value of the connection loss, the measurement 
value j3 2 of the connection loss is also determined, as is 
determined from the difference between the intensities of the 
scattering light where the pulse test light is incident upon 
the optical transmission line from the second end of the 
optical transmission line; then the connection loss is 
determined as a average value of j3 1 and j3 2 (=( j3 1+ j3 2)/2). 
A more accurate connection loss j3 can be obtained by 
taking an average value (Non-Patent Document 1). 
However, in this case, there is a problem that apparatuses for 
the OTDR test have to be installed on the respective sides of 
the two ends of the optical transmission line, resulting in 
high system costs and further taking a long time for these 
measurements. 

[0010] The present invention is made to solve the 
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aforementioned problems, and it is an object to provide a 
method of forming an optical transmission line capable of 
measuring more precise connection losses at low cost, such 
an optical transmission line and an optical fiber applicable 
to the optical transmission line. 
MEANS FOR SOLVING THE PROBLEM 
[0011] A method of forming an optical transmission line 
according to the present invention is a method that forms the 
optical transmission line by a first optical fiber and a second 
optical fiber satisfying a predetermined relationship. In 
addition, the optical transmission line includes the first 
optical fiber and second optical fiber satisfying a 
predetermined relationship. At one wavelength X contained 
in the wavelength range of 1260 nm to 1625 nm, the 
Rayleigh scattering coefficient of the first optical fiber is Al, 
the mode field diameter of the first optical fiber is Bl, the 
transmission loss of the first optical fiber is a 1, the 
Rayleigh scattering coefficient of the second optical fiber is 
A2, the mode field diameter of the second optical fiber is B2, 
and the transmission loss of the second optical fiber is a 2. 
[0012] It is noted that the above wavelength range of 
1260 nm to 1625 nm includes the O-band (1260 nm to 1360 
nm), E-band (1360 nm to 1460 nm), S-band (1460 nm to 
1530 nm), C-band (1530 nm to 1565 nm) and L-band (1565 
nm to 1625 nm). 

[0013] The parameter K represented by the following 
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[0014] At this time, the method of forming an optical 
transmission line according to the present invention forms 
the optical transmission line by: selecting at least one of the 
first optical fiber and second optical fiber such that the first 
and second optical fibers satisfy the relationships that the 
value of the parameter K represented by the above equations 
(la) to (lc) is 0.2 dB or less and that the absolute value of 
the difference between Al and A2 is larger than 0.03 dB/km/ 
li m 4 ; and optically connecting the first optical fiber and 
second optical fiber satisfying the relationships. 
Additionally, the method of forming an optical transmission 
line according to the present invention may form the optical 
transmission line by: selecting at least one of the first 
optical fiber and second optical fiber such that the first and 
second optical fibers satisfy the relationships that the value 
of the parameter K represented by the above equations (la) 
to (lc) is 0.2 dB or less and that the value of ratio (B2/B1) is 
0.97 or less; and optically connecting the first optical fiber 
and second optical fiber satisfying the relationships. In 
addition, the optical transmission line formation method 
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according to the present invention may form the optical 
transmission line by: selecting at least one of the first 
optical fiber and second optical fiber such that the first and 
second optical fibers satisfy the relationships that the value 
of the parameter K represented by the above equations (la) 
to (lc) is 0.2 dB or less, and that the absolute value of the 
difference between Al and A2 is larger than 0.08 dB/km/ /z 
m 4 , and that the value of ratio (B2/B1) is 0.97 or less; and 
optically connecting the first optical fiber and second optical 
fiber satisfying the relationships. 

[0015] Preferably, the optical transmission line 
according to the present invention includes the first optical 
fiber and second optical fiber connected to each other, and 
the first and second optical fibers satisfy the relationships 
that the value of the parameter K represented by the above 
equations (la) to (lc) is 0.2 dB or less and that the absolute 
value of the difference between Al and A2 is larger than 
0.03 dB/km/ jjl m 4 . Additionally, the first and second optical 
fibers constructing the optical transmission line may satisfy 
the relationships that the value of the parameter K 
represented by the above equations (la) to (lc) is 0.2 dB or 
less and that the value of ratio (B2/B1) is 0.97 or less. In 
addition, the first and second optical fibers constructing the 
optical transmission line may satisfy the relationships that 
the value of the parameter K represented by the above 
equations (la) to (lc) is 0.2 dB or less, and that the absolute 
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value of the difference between Al and A2 is larger than 
0.08 dB/km/ /z m 4 , and that the value of ratio (B2/B1) is 0.97 
or less. 

[0016] In the optical transmission line according to the 
present invention, it is preferable that the first and second 
optical fibers satisfy the relationships that the error of the 
connection loss measurement according to the OTDR test 
(the absolute value of the difference between the average 
value j3 of the measurement values j3 1 and j3 2 of the 
resultant connection loss where a pulse test light is incident 
from the two ends of the optical transmission line, and the 
one measurement value jS 1) is 0.2 dB or less and that the 
absolute value of the difference between Al and A2 is larger 
than 0.03 dB/km/ ju m 4 . Additionally, the first and second 
optical fibers may satisfy the relationships that the error of 
the connection loss measurement according to the OTDR test 
is 0.2 dB or less and that the value of ratio (B2/B1) is 0.97 
or less. In addition, the first and second optical fibers may 
satisfy the relationships that the error of the connection loss 
measurement according to the OTDR test is 0.2 dB or less, 
and that the absolute value of the difference between Al and 
A2 is larger than 0.08 dB/km/ ii m 4 , and that the value of 
ratio (B2/B1) is 0.97 or less. 

[0017] Now, the parameter K represented by the 
following equations (2a) to (2c) is defined instead of the 
above equations (la) to (lc). 
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[Equation 2] 

X - \- JQ-(«l-0.02)/10 
Y - l- JQ-(«2-0.02)/10 



K = 



51o giofyJ + 101 °gio 



-•(2a) 
•(2b) 

-•(2 c) 
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[0018] In this case, the method of forming an optical 
transmission line according to the present invention also 
may form the optical transmission line by: selecting at least 
one of the first optical fiber and second optical fiber such 
that the first and second optical fibers satisfy the 
relationships that the value of the parameter K represented 
by the above equations (2a) to (2c) is 0.2 dB or less and that 
the absolute value of the difference between a 1 and a 2 is 
larger than 0.03 / X 4 dB/km or more; and optically 
connecting the first optical fiber and second optical fiber 
satisfying the relationships. Additionally, the optical 
transmission line formation method according to the present 
invention may form the optical transmission line by: 
selecting at least one of the first optical fiber and second 
optical fiber such that the first and second optical fibers 
satisfy the relationships that the value of the parameter K 
represented by the above equations (2a) to (2c) is 0.2 dB or 
less, and that the absolute value of the difference between a 
1 and a 2 is larger than 0.08 / X 4 dB/km or more, and that the 
value of ratio (B2/B1) is 0.97 or less; and optically 
connecting the first optical fiber and second optical fiber 
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satisfying the relationships. 

[0019] On the other hand, in the optical transmission line 
according to the present invention, the first and second 
optical fibers satisfy the relationships that the value of the 
parameter K represented by the above equations (2a) to (2c) 
is 0.2 dB or less and that the absolute value of the difference 
between a 1 and a 2 is larger than 0.03 //L 4 dB/km or more. 
Additionally, the first and second optical fibers constructing 
the optical transmission line may satisfy the relationships 
that the value of the parameter K represented by the above 
equations (2a) to (2c) is 0.2 dB or less, and that the absolute 
value of the difference between a 1 and a 2 is larger than 
0.08 /l 4 dB/km or more, and that the value of ratio (B2/B1) 
is 0.97 or less. 

[0020] Furthermore, in the optical transmission line 
according to the present invention, the first and second 
optical fibers may satisfy the relationships that the error of 
the connection loss measurement according to the OTDR test 
is 0.2 dB or less and that the absolute value of the difference 
between a 1 and a 2 is larger than 0.03 / X 4 dB/km or more. 
Additionally, the first and second optical fibers constructing 
the optical transmission line may satisfy the relationships 
that the error of the connection loss measurement according 
to the OTDR test is 0.2 dB or less, and that the absolute 
value of the difference between a 1 and a 2 is larger than 
0.08 /X 4 dB/km or more, and that the value of ratio (B2/B1) 
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is 0.97 or less. 

[0021] When the parameter K is defined by the above 
equations (la) to (1c), in the optical transmission formation 
method and the transmission line according to the present 
invention, preferably, the Rayleigh scattering coefficient Al 
of the first optical fiber is in the range of 0.94 dB/km/ /i m 4 
to 1.00 dB/km/ /zm 4 , the Rayleigh scattering coefficient A2 
of the second optical fiber is in the range of 0.84 dB/km/ jjl 
m 4 to 0.90 dB/km/ l± m , the mode field diameter Bl of the 
first optical fiber at the wavelength of 1310 nm is in the 
range of 9.0 n m to 9.5 i± m, and the mode field diameter B2 
of the second optical fiber at the wavelength of 1310 nm is 
in the range of 8.3 ju m to 9.0 \i m. In addition, in the 
optical fiber constructing part of the optical transmission 
line (optical fiber according to the present invention), 
preferably, the Rayleigh scattering coefficient is in the range 
of 0.84 dB/km/ & m 4 to 0.90 dB/km/ ju m 4 , the mode field 
diameter Bl at the wavelength of 1310 nm is in the range of 
8.3 ix m to 9.0 ii m. Incidentally, the cladding region of the 
optical fiber is preferably doped with fluorine. 
[0022] On the other hand, when the parameter K is 
defined by the above equations (2a) to (2c), in the optical 
transmission formation method and the transmission line 
according to the present invention, at the wavelength of 
1310 nm, the transmission loss a 1 of the first optical fiber 
is in the range of 0.32 dB/km to 0.35 dB/km, the 
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transmission loss a 2 of the second optical fiber is in the 
range of 0.28 dB/km to 0.32 dB/km, the mode field diameter 
Bl of the first optical fiber is in the range of 9.0 m m to 9.5 
u m, and the mode field diameter B2 of the second optical 
fiber is in the range of 8.3 jjl m to 9.0 jjl m. Additionally, in 
the optical fiber according to the present invention, 
preferably, at the wavelength of 1310 nm, the transmission 
loss is in the range of 0.28 dB/km to 0.32 dB/km, and the 
mode field diameter is in the range of 8.3 jjl m to 9.0 jjl m. 
Incidentally, the cladding region of the optical fiber is 
preferably doped with fluorine. 

[0023] Besides, in the optical transmission formation 
method or the transmission line according to the present 
invention, the value of the parameter K defined by the above 
equations (la) to (lc) or equations (2a) to (2c) is preferably 
0.1 dB or less. In contrast, when part of the transmission 
line according to the present invention is constructed by a 
general optical fiber for transmission (a single mode optical 
fiber capable of high-quality multiplex transmission at the 
wavelength of 1.3 /z m wavelength band), the optical fiber 
according to the present invention preferably has the 
transmission loss of 0.28 dB/km or more but 0.32 dB/km or 
less at the wavelength of 1310 nm, and the mode field 
diameter of 8.3 \x m or more but 9.0 n m or less at the 
wavelength of 1310 nm. 
EFFECT OF THE INVENTION 
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[0024] As described above, in accordance with the 
present invention, an optical transmission line capable of 
measuring more precise connection losses at low cost can be 
constructed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] [FIG. 1] Fig. 1 is a view showing the 
construction of an optical transmission system according to 
the present invention; 

[Fig. 2] Fig. 2 is a view showing contour lines of the 
parameter K on a two-dimensional plane formed by the 
difference (Al - A2) and ratio (B2/B1); 

[Fig. 3] Fig. 3 is a table specifying the respective data 
of samples 1-12 prepared as the optical transmission line 10 
according to the present invention; 

[Fig. 4] Fig. 4 is a view showing contour lines of the 
parameter K on a two-dimensional plane formed by the 
difference ( a 1 - a 2) and ratio (B2/B1); 

[Fig. 5] Fig. 5 is a table specifying the respective data 
of samples 13-20 prepared as the optical transmission line 
according to the present invention; 

[Fig. 6] Fig. 6 illustrates a cross-sectional view and a 
refractive index profile for explaining a structure of an 
optical fiber according to the present invention; 

[Fig. 7] Fig. 7 is a graph showing the wavelength 
dependence of the transmission loss of the optical fiber 
according to the present invention; 
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[Fig. 8] Fig. 8 is a graph showing the wavelength 
dependence of the chromatic dispersion of the optical fiber 
according to the present invention; 

[Fig. 9] Fig. 9 is a process flow chart for explaining a 
manufacturing method of samples prepared as an optical 
fiber according to the present invention; 

[Fig. 10] Fig. 10 is a table specifying various 
characteristics of each of the aforementioned sample A and 
comparative example A; 

[Fig. 11] Fig. 11 is a graph showing the wavelength 
dependence of the transmission loss of the optical fiber of 
each of the sample A and comparative example A; 

[Fig. 12] Fig. 12 is a graph showing the chromatic 
dispersion characteristics of the optical fiber according to 
the present invention based on the chromatic dispersion 
characteristics of the standard single mode optical fiber 
prescribed in the international standard (ITU-T G.652) as a 
reference; 

[Fig. 13] Fig. 13 is a table specifying various 
characteristics of the optical fibers of each of the samples B 
to I and comparative example B; 

[Fig. 14] Fig. 14 is a graph representing the positions 
of (MFD, X cc ) of the respective optical fibers of the samples 
B to F and the comparative example B and also representing 
the equi-chromatic-dispersion curves at the wavelength of 
1550 nm on the two-dimensional space defining the mode 
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field diameter MFD at the wavelength of 1310 nm as the 
abscissa and the cable cutoff wavelength X cc as the 
ordinate; and 

[Fig. 15] Fig. 15 is a graph representing the positions 
of (MFD, X cc ) of the respective optical fibers of the samples 
B to F and the comparative example B and also representing 
the equi-dispersion slopes at the wavelength of 1550 nm on 
the two-dimensional space defining the mode field diameter 
MFD at the wavelength of 1310 nm as the abscissa and the 
cable cutoff wavelength X cc as the ordinate. 
EXPLANATION OF THE REFERENCE SYMBOLS 
[0026] 10. .optical transmission line; 

11. ..first optical fiber; 

12. .second optical fiber; 

13. ..connection point; 

20. ..optical transmitter; 

30. ..optical receiver; 

100. ..optical fiber; 

110. ..core region; and 

120. .cladding region. 
BEST MODE OF CARRYING OUT THE INVENTION 
[0027] In the following, the best modes for carrying out 
the inventions will be explained in detail with reference to 
Figs. 1-15. In the explanation of the drawings, the same 
elements will be denoted by the same reference symbols and 
these redundant descriptions will be omitted. 
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[0028] Fig. 1 is a view showing the construction of an 
optical transmission system including an optical 
transmission line according to the present invention. In the 
optical transmission system shown in Fig. 1, an optical 
transmission line 10 is underlaid between an optical 
transmitter 20 and an optical receiver 30. In the optical 
transmission line 10, a first optical fiber 11 and a second 
optical fiber 12 are fusion-spliced with each other. 
[0029] In the optical transmission system, a signal light 
transmitted from the optical transmitter 20 propagates the 
first optical fiber 11 and second optical fiber 12 in turn and 
then reaches the optical receiver 30. In this case, the 
wavelength X of the signal light is included in the 
wavelength range of 1260 nm to 1625 nm. Note that 
multiplexed signal light may be transmitted by a plurality of 
channels included in this wavelength range. 
[0030] The first optical fiber 11 and second optical fiber 
12 each may be underlaid between the optical transmitter 20 
and optical receiver 30, and may be modified to a module in 
a state rolled in a coil form. 

[0031] For example, the first optical fiber 11 is a fiber 
for transmission having a positive chromatic dispersion at 
the wavelength X , while the second optical fiber 12 is a 
dispersion compensation optical fiber having a negative 
chromatic dispersion at the wavelength X . In this case, 
since the absolute value of the accumulated chromatic 
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dispersion of the whole optical transmission line 10 is 
reduced, and thus the deterioration of the waveform of the 
signal light transmitted through the optical transmission line 
10 is suppressed, which is preferable upon transmitting a 
large capacity of information at high speed. 
[0032] In addition, for example, the first optical fiber 11 
may be a typical optical fiber for transmission, while the 
second optical fiber 12 may be an optical fiber for 
amplification that optically amplifies the signal light. The 
second optical fiber 12 may be an optical fiber for 
amplification doped with Er elements, or may be an optical 
fiber for Raman amplification. In this case, the signal light 
transmitted from the optical transmitter 20 is subjected to 
some losses during propagating the first optical fiber 11, but 
is amplified during propagating the second optical fiber 12. 
For this reason, in the optical transmission line including the 
optical fiber for amplification, the whole transmission loss is 
reduced, which is adapted for long-haul transmission. 
[0033] Besides, for instance, when the optical 
transmission line is also changed and extended, there are 
some cases that a new optical transmission line will be 
constructed in such a manner that other optical fibers are 
spliced to existing optical fibers. 

[0034] In a case where such an optical transmission line 
19 is constructed, the first optical fiber 11 and second 
optical fiber different in type from each other are fusion- 
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spliced. Whether the splicing work is favorably made or not 
is determined based on the magnitude of the connection loss 
at the spliced or connection point 13 measured by an OTDR 
test. In general, since the measurement value of the 
connection loss can contain some errors in a case where a 
pulse test light is merely incident on the optical transmission 
line 10 from one end of the optical transmission line 10 (e.g., 
the side of the optical transmitter 20) on the OTDR test, 
there are some cases unable to obtain a precise value of the 
connection loss. The optical transmission line 10 and 
optical transmission line formation method according to the 
present invention is capable of solving such problems as 
explained below. 

[0035] The transmission loss a (db/km) of the optical 
fiber depends on the wavelength X ( n m), and is represented 
by the following equation (3). The first term on the right 
side of the equation (3) represents a loss caused by Rayleigh 
scattering, the third term represents an ultraviolet absorption 
loss, the fourth term represents an infrared absorption loss, 
and the fifth term represents an absorption loss due to 
impurities. Assuming that the third, fourth and fifth terms 
on the right side are small to a negligible level, the equation 
(3) is approximated by the following equation (4). 
[Equation 3] 

a(X) =A/A 4 +B + C { exp(C 2 lX) + D x exp(- D 2 1 X) + E(X) 
-(3) 
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[Equation 4] 

a(X)=A/A 4 + B —(4) 
[0036] When the actual transmission loss a ( X ) of the 
optical fiber is subjected to fitting by the above equation (4), 
the coefficient A of the first term on the right side in the 
above equation (4) is defined as the Rayleigh scattering 
coefficient of the optical fiber. Then, the Rayleigh 
scattering coefficient of the first optical fiber 11 is Al 
(dB/km/ ix m 4 ); in the wavelength X ( ii m), the mode field 
diameter of the first optical fiber 11 is Bl; the transmission 
loss of the first optical fiber 1 1 is a 1 (dB/km). In addition, 
the Rayleigh scattering coefficient of the second optical 
fiber 12 is A2 (dB/km/ \x m 4 ); in the wavelength X ( i± m), 
the mode field diameter of the second optical fiber 12 is B2; 
the transmission loss of the second optical fiber 12 is a 2 
(dB/km). 

[0037] From the above equation (4), the ratio X scattered 
by the Rayleigh scattering of the first optical fiber 11 is 
represented by the following equation (5a), while the ratio Y 
scattered by the Rayleigh scattering of the second optical 
fiber 12 is represented by the following equation (5b). Then, 
as shown in the following equation (5c), a parameter K is 
defined by use of the equations (5a) and (5b). 
[Equation 5] 

X = l-lO- AV * 4/w •••(5a) 

7 = 1-10- W/1 ° --(5b) 
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K= 5 log 



10 



^j + lOlog 



10 



(B2\ 



VBIJ 



•(5c) 



[0038] At this time, the first and second optical fibers 11, 
12 constituting the optical transmission line 10 satisfy the 
relationships that the value of the parameter K represented 
by the above equations (5a) to (5c) is 0.2 dB or less, and that 
the absolute value of the difference between Al and A2 is 
larger than 0.03 dB/km/ ju m 4 . In addition, the above first 
and second optical fibers 11, 12 may satisfy the relationships 
that the value of the parameter K represented by the above 
equations (5a) to (5c) is 0.2 dB or less and that the value of 
the ratio (B2/B1) is 0.97 or less. Furthermore, the first and 
second optical fibers 11, 12 may satisfy the following 
relationships: the value of the parameter K represented by 
the above equations (5a) to (5c) is 0.2 dB or less; the 
absolute value of the difference between Al and A2 is larger 
than 0.08 dB/km/ ^ m 4 ; and the value of the ratio (B2/B1) is 
0.97 or less. More preferably, the value of the parameter K 
is 0.1 dB or less. 

[0039] Further, the first and second optical fibers 11, 12 
constituting the optical transmission line 10 may satisfy the 
relationships that the error of the measurement of the 
connection loss according to the OTDR test is 0.2 dB or less, 
and that the absolute value of the difference between Al and 
A2 is larger than 0.03 dB/km/ ja m 4 . Alternatively, the above 
first and second optical fibers 11, 12 may satisfy the 
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relationships that the error of the measurement of the 
connection loss according to the OTDR test is 0.2 dB or less, 
and that the value of the ratio (B2/B1) is 0.97 or less. The 
first and second optical fibers 11, 12 may satisfy the 
following relationships: the error of the measurement of the 
connection loss according to the OTDR test is 0.2 dB or less; 
the absolute value of the difference between Al and A2 is 
larger than 0.08 dB/km/ jjl m 4 ; and the value of the ratio 
(B2/B1) is 0.97 or less. More preferably, the value of the 
parameter K is 0.1 dB or less. 

[0040] As one example of the first and second optical 
fiber 11, 12 satisfying the following relationships: the value 
of the parameter K represented by the above equations (5a) 
to (5c) is 0.2 dB or less; the absolute value of the difference 
between Al and A2 is larger than 0.08 dB/km/ /z m 4 ; and the 
value of the ratio (B2/B1) is 0.97 or less, the following first 
optical fiber 11 and second optical fibers 12 are specified. 
Namely, the Rayleigh scattering coefficient Al of the first 
optical fiber 11 is 0.980 dB/km/ ju m 4 in the typical value, 
0.995 dB/km/ i± m 4 in the maximum value, 0.965 dB/km/// m 4 
in the minimum value, while the mode field diameter Bl of 
the first optical fiber 1 1 at the wavelength of 1550 nm is 
10.40 ii m in the typical value, 10.55 \x m in the maximum 
value, and 10.25 jam in the maximum value. On the other 
hand, the Rayleigh scattering coefficient A2 of the second 
optical fiber 12 is 0.870 dB/km/ /z m 4 in the typical value, 
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0.885 dB/km/ jn m 4 in the maximum value, 0.855 dB/km/ ju m 4 
in the minimum value, while the mode field diameter B2 of 
the second optical fiber 12 at the wavelength of 1550 nm is 
9.80 ix m in the typical value, 9.95 ix m in the maximum 
value, and 9.65 ju m in the minimum value. At this time, the 
minimum value of the difference between Al and A2 is 0.08 
dB/km/ jam 4 and the maximum value of the ratio (B2/B1) is 
0.97. 

[0041] Now, the parameter K represented by the 
following equations (6a) to (6c) substituting for the above 
equations (5a) to (5c) will be defined. In these equations, 
the loss according to terms other than the first term on the 
right side in the equation (1) is set to 0.02 dB/km. 
[Equation 6] 

^ = 1 _ 10 -(" l - 002 ) /10 --.(6a) 

7=l-10- (of2 - 002)/I0 •••(6b) 



K = 



51og 10 (4 + 101 °g 



>10 



Bl 



•(6c) 



[0042] At this time, the first and second optical fibers 11, 
12 composing the optical transmission line 10 satisfy the 
relationships that the value of the parameter K represented 
by the above equations (6a) to (6c) is 0.2 dB or less, and that 
the absolute value of the difference between a 1 and a 2 is 
0.03 / X 4 dB/km or more. In addition, the above first and 
second optical fibers 11, 12 satisfy the following 
relationships: the value of the parameter K represented by 
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the above equations (6a) to (6c) is 0.2 dB or less; the 
absolute value of the difference between a 1 and a 2 is 0.08 
/ X 4 dB/km or more; and the value of the ratio (B2/B1) is 
0.97 or less. More preferably, the value of the parameter K 
is 0.1 dB or less. 

[0043] Also, the first and second optical fibers 11, 12 
composing the optical transmission line 10 may satisfy the 
relationships that the error of the measurement of the 
connection loss according to the OTDR test is 0.2 dB or less, 
and that the absolute value of the difference between a 1 
and a 2 is larger than 0.03 / X 4 dB/km. Here, the above first 
and second optical fibers 11, 12 may satisfy the following 
relationships: the error of the measurement of the connection 
loss according to the OTDR test is 0.2 dB or less; the 
absolute value of the difference between a 1 and a 2 is 0.08 
/ X 4 dB/km or more; and the value of the ratio (B2/B1) is 
0.97 or less. More preferably, the value of the parameter K 
is 0.1 dB or less. 

[0044] In the optical transmission line formation method 
according to the present invention, at least one of the first 
optical fiber 11 and second optical fibers 12 is selected so 
that the first and second optical fibers 11, 12 satisfy the 
aforementioned relationships; the optical transmission line 
10 is constructed by connecting the first optical fiber 11 and 
second optical fiber 12 satisfying the above relationships. 
[0045] Where the parameter K is defined by the above 
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equations (5a) to (5c), in the optical transmission line 
formation method or the optical transmission line 10 
according to the present invention, preferably, the Rayleigh 
scattering coefficient Al of the first optical fiber 11 is in the 
range of 0.94 dB/km/ /zm 4 to 1.00 dB/km/ ul m 4 , the Rayleigh 
scattering coefficient A2 of the second optical fiber 12 is in 
the range of 0.84 dB/km/ jx m 4 to 0.90 dB/km/ ul m 4 , the mode 
field diameter Bl of the first optical fiber 11 at the 
wavelength of 1310 nm is in the range of 9.0 /zmto 9.5 jx m, 
and the mode field diameter B2 of the second optical fiber 
12 at the wavelength of 1310 nm is in the range of 8.3 ja m 
to 9.0 ix m. Additionally, it is preferable that the cladding 
region of the second optical fiber 12 is doped with fluorine. 
[0046] On the other hand, where the parameter K is 
defined by the above equations (6a) to (6c), in the optical 
transmission line formation method or the optical 
transmission line 10 according to the present invention, at 
the wavelength of 1310 nm, preferably, the transmission loss 
a 1 of the first optical fiber 11 is in the range of 0.32 dB/km 
to 0.35 dB/km, the transmission loss a 2 of the second 
optical fiber 12 is in the range of 0.28 dB/km to 0.32 dB/km, 
the mode field diameter Bl of the first optical fiber 1 1 at the 
wavelength of 1310 nm is in the range of 9.0 ix m to 9.5 ix m, 
and the mode field diameter B2 of the second optical fiber 
12 at the wavelength of 1310 nm is in the range of 8.3 ix m 
to 9.0 ix m. Additionally, it is preferable that the cladding 
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region of the second optical fiber 12 is doped with fluorine. 
[0047] As described above, in the optical transmission 
line 10 and optical transmission formation method, even 
when a pulse test light is incident from only one end side of 
the optical transmission line 10 to carry out the OTDR test, a 
more precise connection loss can be measured. 
[0048] Figs. 2 and 3 show the measurement results and 
examples where the wavelength X is 1550 nm. Fig. 2 is a 
view showing contour lines of the parameter K on a two- 
dimensional plane formed by the difference (Al - A2) and 
ratio (B2/B1). In Fig. 2, graph G210 represents a contour 
line of K = 0 dB, graph G220 represents a contour line of K 
= 0.1 dB, and graph G230 represents a contour line of K = 
0.2 dB independently. On the other hand, Fig. 3 is a table 
specifying the respective data of samples 1-12 prepared as 
the optical transmission line 10 according to the present 
invention. In Fig. 3, for each sample, Rayleigh scattering 
coefficient Al of the first optical fiber 11, Rayleigh 
scattering coefficient A2 of the second optical fiber 12, 
difference (Al - A2), mode field diameter Bl of the first 
optical fiber 11, mode field diameter B2 of the second 
optical fiber 12, ratio (B2/B1) and value of the parameter K 
represented by the above equations (5a) to (5c) or error of 
measurement of connection loss are shown. 
[0049] Further, Figs. 4 and 5 show the measurement 
results and examples where the wavelength X is 1310 nm. 
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Fig. 4 is a view showing contour lines of the parameter K on 
a two-dimensional plane formed by the difference (a l-a2) 
and ratio (B2/B1). In Fig. 4, graph G410 represents a 
contour line of K = 0 dB, graph G420 represents a contour 
line of K = 0.1 dB, and graph G430 represents a contour line 
of K = 0.2 dB independently. On the other hand, Fig. 5 is a 
table specifying the respective data of samples 13-20 
prepared as the optical transmission line according to the 
present invention. In Fig. 5, for each sample, transmission 
loss a 1 of the first optical fiber 11, transmission loss a 2 of 
the second optical fiber 12, difference ( a 1 - a 2), mode 
field diameter Bl of the first optical fiber 11, mode field 
diameter B2 of the second optical fiber 12, ratio (B2/B1) and 
value of the parameter K represented by the above equations 
(6a) to (6c) or error of measurement of connection loss are 
shown. 

[0050] In any of these samples, the value of the 
parameter K or error of measurement of connection loss 
represented by the above equations (5a) to (5c) or equations 
(6a) to (6c) is 0.2 dB or less. Additionally, for several 
samples, the value of the parameter K or error of 
measurement of connection loss is 0.1 dB or less. 
[0051] Embodiments of optical fibers applicable to the 
foregoing optical transmission line (optical fibers according 
to the present invention) will next be explained in detail 
with reference to Figs. 6-15 independently. The optical 
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fiber (optical fiber according to the present invention) is an 
optical fiber that is excellent in compatibility with standard 
single mode optical fibers prescribed by the international 
standard (ITU-T G.652)(high quality multiplex transmission 
is possible at 1.3 /z m wavelength band), and that is adapted 
for signal transmission in a broader band enabling high 
quality multiplex transmission at 1.55 11 m wavelength band 
also. In particular, the optical fiber explained below is 
applicable as the second optical fiber 12 enabling the 
connection at a lower loss where the first optical fiber 1 1 in 
the optical transmission line 10 is constructed by a standard 
single mode optical fiber. 

[0052] Fig. 6 is a view for explaining a structure of an 
optical fiber according to the present invention; the area (a) 
in Fig. 6 is a view showing a cross-sectional structure 
perpendicular to the optical axis of the optical fiber 100, 
while the area (b) in Fig. 6 is a refractive index profile of 
the optical fiber 100. As shown in the area (a) of Fig. 6, the 
optical fiber 100 comprises a core region 110 having a 
circular section and an outer diameter of 2a at the center, 
and a cladding region 120 surrounding the outer periphery of 
the core region 110. In the refractive index profile of the 
optical fiber 100 shown in Fig. 6(b), the relative refractive 
index difference of the core region 110 with respect to the 
cladding region 120 is An. 

[0053] The optical fiber 100 is mainly comprised of 
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silica glass, preferably, pure silica glass having the cladding 
region 120 doped with fluorine and the core region 110 not 
doped with Ge0 2 . In this case, it is fairly convenient for 
reduction of the transmission loss. Note that the cable 
cutoff wavelength of the optical fiber 100 is 1260 nm or less. 
[0054] Fig. 7 is a graph showing the wavelength 
dependence of the transmission loss of the optical fiber 
according to the present invention. Since the optical fiber 
100 is mainly comprised of silica glass, the transmission loss 
thereof exhibits the minimum in the vicinity of the 
wavelength of 1550 nm as shown in Fig. 7. Note that the 
transmission loss at the wavelength of 1550 nm is denoted 
by a 1550- In the optical fiber 100, the transmission loss a 
1310 at the wavelength of 1310 nm is 0.32 dB/km or less, 
while the increase of loss A a i 38 o caused by OH-radical at 
the wavelength of 1380 nm is 0.3 dB/km or less. 
[0055] In the optical fiber 100, the transmission loss a 
1310 at the wavelength of 1310 nm is small, and the increase 
of loss A a 1380 caused by OH-radical at the wavelength of 
1380 nm is also small. Further, in the optical fiber 100, the 
cable cut-off wavelength is 1260 nm or less; therefore, in the 
broad signal wavelength band from O-band to L-band, low- 
loss and single mode transmission of a signal light will be 
ensured. 

[0056] In the optical fiber 100, it is more preferable 
where the transmission loss ai 3 i 0 at the wavelength of 1310 
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nm is 0.30 dB/km or less; in this case, the signal light in the 
vicinity of the wavelength of 1310 nm can be transmitted 
over a long distance at further low loss. 

[0057] In the optical fiber 100, it is preferable that the 
transmission loss a 1380 at the wavelength of 1380 nm is 
smaller than the transmission loss a 1 3 1 o at the wavelength of 
1310 nm. In this case, it is convenient to transmit the signal 
light in the vicinity of the wavelength of 1380 nm over a 
long distance at low loss. 

[0058] In the optical fiber 110, it is preferable that the 
value A a (= a 1380 - cx 1310) subtracting the transmission 
loss a 1550 at the wavelength of 1550 nm from the 
transmission loss a mo at the wavelength of 1310 nm the 
transmission loss a 1310 at the wavelength of 1310 nm is 0.13 
dB/km or less. In this case, the difference in transmission 
loss between the two wavelengths is small, thereby 
achieving signal light transmission with a uniform 
performance over a broad signal wavelength band. 
[0059] Fig. 8 is a graph showing the wavelength 
dependence of the chromatic dispersion of the optical fiber 
according to the invention. As shown in Fig. 8, the longer 
the wavelength, the larger the chromatic dispersion of the 
optical fiber 10. In addition, the zero dispersion wavelength 
X 0 of the optical fiber 100 is 1300 nm or more and 1324 nm 
or less. In this case, the zero dispersion wavelength of the 
optical fiber 100 is the same level as the zero dispersion one 
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of standard single mode optical fibers; therefore, the optical 
fiber 100 is excellent in compatibility with the standard 
single mode optical fiber, which is convenient for dispersion 
compensation. 

[0060] Further, in the optical fiber 100, it is preferable 
that the polarization mode dispersion at the wavelength of 
1550 nm is 0.5 ps/km or less. In this case, the 
deterioration of the signal light transmission performance 
caused by the polarization mode dispersion where a high-bit- 
rate transmission is conducted can be reduced. In addition, 
in the optical fiber 100, it is preferable that the bending loss 
in the bending diameter of 20 mm at the wavelength of 1550 
nm is 3 dB/m or less. In this case, the increase of the loss 
caused by microbends can be reduced when it is rolled in a 
coil form or drawn out. In addition, in the optical fiber 100, 
it is preferable that the Petermann-I mode field diameter at 
the wavelength of 1550 nm is 10.0 ix m or less. In this case, 
the increase of the loss caused by microbends upon the 
application as a cable can be reduced. 

[0061] A first sample (sample A) prepared as an optical 
fiber according to the present invention will next be 
explained together with a first comparative example 
(comparative example A). 

[0062] The optical fiber of the sample A has a sectional 
structure and a refractive index profile shown in Fig. 6, 
having a core region comprised of pure silica glass and a 
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cladding region comprised of fluorine-doped silica glass. 
The outer diameter 2a of the core region is 7.9 ju m, and the 
outer diameter 2b of the cladding region is 125 u m. In 
addition, the relative refractive index difference A n of the 
core region defining the refractive index of the cladding 
region as a reference is 0.39 %. In contrast, the optical fiber 
according to the comparative example A is a standard single 
mode optical fiber, having a core region comprised of Ge0 2 - 
doped silica glass and a cladding region comprised of pure 
silica glass. 

[0063] The optical fiber of the sample A is manufactured 
by a manufacturing method explained below. Namely, Fig. 9 
is a process flow chart for explaining a manufacturing 
method of each sample prepared as an optical fiber 
according to the present invention. In the manufacturing 
process shown in Fig. 9, a high-purity silica glass rod is first 
synthesized by a VAD method; the glass rod is extended in a 
heating furnace at the temperature of approximately 2000 
degrees centigrade (C); then, the glass rod 2 having 3 mm in 
outer diameter and 50 cm in length is produced. 
Additionally, a glass pipe 1 comprised of fluorine-doped 
silica glass having a relative refractive index difference of - 
0.39 % with respect to pure silica glass is produced by a 
VAD method. Note that the glass pipe 1 has 20 mm in outer 
diameter and 6 mm in inner diameter. 

[0064] Then, as shown in the area (a) of Fig. 9, in a state 
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that the glass rod 2 is inserted into the glass pipe 1 rolled by 
a tape heater 7, a pure N 2 gas (H 2 0 content is 0.5 vol ppm or 
less; the content of other H-containing gases is 0.1 vol ppm 
or less)is flown into the glass pipe 1 from a pipe 5 on the 
first end side of the glass pipe 1 by a flow rate 2000 cc/min 
(hereinafter, referred to as c sccm') in standard state (zero 
degree centigrade, 1 atm) conversion. On the other hand, 
the inside of the glass pipe 1 is evacuated from a pipe 6 of 
the second end side, and the inner pressure of the glass pipe 
1 is set to 2.5 kPa. At this time, in each of impurity 
removing, sealing and solidifying processes appeared later, 
the region A is not only heated at the temperature of 550 
degrees centigrade or higher in each of the glass pipe 1 and 
glass rod 2, but also the region B including the portion of 
200 mm in length on the two outer sides of the region A is 
heated at the temperature 200 of degrees centigrade by the 
tape heater 7. The heated region B is set to include the 
region to be heated at the temperature of 550 degrees 
centigrade at the later solidifying process. This condition is 
retained during four hours, and the above pure N2 gas is 
blown therein and exhausted therefrom. 

[0065] Subsequently, as shown in the area (b) of Fig. 9, 
a metal impurity removing gas (e.g., Cl 2 , SOCl 2 ) is 
introduced into the glass pipe 1 from the pipe 5 on the first 
end side of the glass pipe 1, and the glass pipe 1 and glass 
rod 2 is heated at the temperature of 1150 degrees centigrade 
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by a heating source 3. In this way, metal impurities adhered 
to the surface of the inner wall of the glass pipe 1 and the 
surface of the glass rod 2 respectively will be removed. 
[0066] Further subsequently, as shown in the area (c) of 
Fig. 9, the second end side of the glass pipe 1 is heat-melted 
by the heating source 3 to thus fuse the glass pipe 1 and 
glass rod 2, and the region denoted by arrow S is sealed. 
Then, the inside of the glass pipe 1 is evacuated in vacuum 
state at the atmosphere of 0.01 kPa or less by a vacuum 
pump through a gas line 8 that is an exhaust pipe. 
Thereafter, a pure N 2 gas (H 2 0 content is 0.5 vol ppm or 
less; the content of other H-containing gases is 0.1 vol ppm 
or less) from the pipe 5 on the first end side of the glass pipe 
1 is introduced into the glass pipe 1. At this time, when the 
vacuum pump is stopped, the inside of the glass pipe 1 is 
pressured at the atmosphere of 106 kPa. When three cycles 
of these evacuation and pressure are repeated, gases (mainly, 
H 2 0) adsorbed on the inner wall side of the glass pipe 1 and 
the surface of the glass rod 2 are detached. 
[0067] Then, as shown in the area (d) of Fig. 9, when the 
heat source 3 is displaced from the second end side of the 
grass pipe 1 toward the first end side thereof in turn, the 
glass pipe 1 and glass rod 2 are heat-melted and solidified 
(rod-in-collapse method). At this time, a Cl 2 gas of 500 
seem and an 0 2 gas of 500 seem are introduced into the gas 
pipe 1. Additionally, the inner pressure of the glass pipe 1 
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is -1 kPa in gauge pressure, and the temperature of the outer 
surface of the glass pipe 1 is 1600 degrees centigrade during 
the solidification. A first preform can be obtained through 
the aforementioned processes. 

[0068] The first preform is 19 mm in outer diameter and 
400 mm in length, and the ratio of cladding diameter to core 
diameter is 6.6. Further, when the first preform is extended, 
a second preform having 14 mm in outer diameter is 
obtained. On the outer peripheral surface of the second 
preform having 14 mm in outer diameter, Si0 2 particles 
obtained where SiCU is introduced into H2/O2 flame is 
deposited up to 120 mm in outer diameter. The thus 
resultant deposit is further heated at the temperature of 800 
degrees centigrade in a furnace. Note that the temperature 
of the furnace is climbed up to 1500 degrees centigrade at 
the temperature rising speed of 33 °C/min. In the meantime, 
a He gas of 15000 seem and an SF 6 gas of 450 seem are 
introduced into the furnace. In this manner, a fiber preform 
will be obtained. Then, when the fiber preform is drawn, the 
samples of the optical fiber according to the present 
invention can be obtained. 

[0069] Fig. 10 is a table specifying various 
characteristics of each of the aforementioned sample A and 
comparative example A. In addition, Fig. 1 1 is a graph 
showing the wavelength dependence of the transmission loss 
of the optical fiber of each of the sample A and comparative 
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example A. Note that in Fig. 11, the solid line represents 
the transmission loss of the optical fiber according to the 
sample A, while the broken line represents the transmission 
loss of the optical fiber according to the comparative 
example A. 

[0070] As can be seen from Figs. 10 and 11, in the 
optical fiber of the comparative example A, the transmission 
loss a 1310 at the wavelength of 1310 nm is 0.33 dB/km, the 
transmission loss a i3 8 o at the wavelength of 1380 nm is 0.62 
dB/km, the transmission loss a 1550 at the wavelength of 
1550 nm is 0.19 dB/km, the loss difference A a (= a 1550 - 
ct 1310) is 0.14 dB/km, and the increase of loss A a i 380 
caused by OH-radical at the wavelength of 1380nm is 0.31 
dB/km. 

[0071] On the other hand, in the optical fiber of the 
sample A, the transmission loss a 1310 at the wavelength of 
1310 nm is 0.29 dB/km, the transmission loss a i3 8 o at the 
wavelength of 1380 nm is 0.27 dB/km, the transmission loss 
a i55o at the wavelength of 1550 nm is 0.17 dB/km, the loss 
difference A a is 0.12 dB/km, and the increase of loss A a 
1380 caused by OH-radical at the wavelength of 1380nm is 
0.03 dB/km. 

[0072] In addition, in the optical fiber of the sample A, 
the cable cutoff wavelength is 1220 nm, the zero dispersion 
wavelength is 1310 nm, the mode field diameter at the 
wavelength of 1550 nm is 9.7 ix m, the bending loss at 20 
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mm in bending diameter at the wavelength of 1550 nm is 2 
dB/m. 

[0073] Further, in the optical fiber of the sample A, non- 
circularization of each of the core and cladding regions is 
suppressed sufficiently; the polarization mode dispersion at 
the wavelength of 1550 nm is 0.1 ps/km 1/2 or less in a 
bobbin-rolled state, and 0.03 ps/km 1/2 or less in a bundle 
state reducing the outer force. 

[0074] The second to ninth samples (sample B to I) 
prepared as an optical fiber according to the present 
invention will now be explained in detail while comparing 
with the second example (comparative example B). 
[0075] It is noted that the samples B to I prepared as an 
optical fiber according to the present invention have a 
sectional structure and refractive index profile shown in Fig. 
6. Namely, the optical fiber of each of the samples B to I 
has a core region of 2a in outer diameter, and a cladding 
region surrounding the outer periphery of the core region. 
The refractive index of the core region is higher than that of 
the cladding region, and the relative refractive index 
difference A n of the core region is positive with respect to 
the refractive index of the cladding region as a reference. 
[0076] The optical fibers 1 of these samples B to I each 
is mainly comprised of silica glass, and an additive for 
refractive index adjustment is doped in both or either of the 
core region and cladding region. The core region may be 
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doped with Ge0 2? while the cladding region may be 
comprised of pure silica glass; however, the core region is 
preferably comprised of pure silica glass not doped with 
GeC>2, while the cladding region is doped with fluorine. The 
transmission loss of the resultant optical fiber can be 
reduced by such a composition. 

[0077] Fig. 12 is a graph showing the chromatic 
dispersion characteristics of the optical fiber according to 
the present invention based on the chromatic dispersion 
characteristics of the standard single mode optical fiber 
prescribed in the international standard (ITU-T G.652) as a 
reference. Additionally, in Fig. 12, graph G710 represents 
the chromatic dispersion characteristics of the optical fiber 
according to the present invention, while graph G720 
represents the chromatic dispersion characteristics of the 
standard single mode optical fiber prescribed in the 
international standard (ITU-T G.652). 

In the optical fiber, the zero dispersion wavelength exists in 
the vicinity of the wavelength of 1300 nm, similarly to the 
standard single mode optical fiber, and the dispersion slope 
is positive in the range of the wavelength of 1200 nm to 
1700 nm. However, in the optical fiber, as compared with 
the standard single mode optical fiber, the chromatic 
dispersion is small in the chromatic dispersion in the 
wavelength of 1550 nm, and the dispersion slope is also 
small. 
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[0078] In particular, in the optical fiber according to the 
present invention, the dispersion slope at the wavelength of 
1550 nm is 0.055 ps/nm 2 /km or less, and the chromatic 
dispersion at the wavelength of 1550 nm is 16 ps/nm/km or 
less, more preferably 16 ps/nm/km or less. Additionally, in 
the optical fiber according to the present invention, the cable 
cutoff wavelength is 1260 nm or less, and the mode field 
diameter at the wavelength of 1310 nm is 9 ja m or less. 
[0079] Alternatively, in the optical fiber according to the 
present invention, the mode field diameter at the wavelength 
of 1310 nm is 9 i± m or less, while the dispersion slope at 
zero dispersion wavelength is 0.082 ps/nm /km or less, more 
preferably 0.080 ps/nm 2 /km or less. 

[0080] When such an optical fiber is applied as an 
optical transmission line, a high-quality signal transmission 
becomes possible in the case of the transmission of a 
multiplex signal light at 1.55 p, m wavelength band. In 
addition, the optical fiber is excellent in compatibility with 
the standard single mode optical fiber prescribed in the 
international standard (ITU-T G.652). That is, similarly to 
the case of the optical communication system where 
conventional single mode optical fibers are applied to an 
optical transmission line, the design and establishment of the 
optical communication system where the optical fiber 
according to the present invention is applied to the optical 
transmission line is possible. Additionally, the 
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establishment of the optical communication system mixing 
the conventional single mode optical fiber and the optical 
fiber according to the present invention is possible. 
[0081] Besides, in the optical fiber according to the 
present invention, the transmission loss at the wavelength of 
1550 nm is preferably 0.176 dB/km or less. This is because 
an optical transmission line making a long-haul transmission 
of a signal light at 1.55 p, m wavelength band without relay 
can be established. Further, preferably, the transmission 
loss at wavelength 1310 nm is 0.32 dB/km or less, and the 
increase of loss caused by OH-radical at the wavelength of 
1380 nm is 0.3 dB/km or less. In this case, it is possible to 
establish an optical transmission line making a long-haul 
transmission without relay of a broad-band signal light 
including the 1.55 ju m wavelength band, in addition to the 
1.55 ix m wavelength. In addition, when the zero dispersion 
wavelength is in the range of 1300 nm to 1324 nm, an 
excellent compatibility can be obtained with the standard 
single mode optical fiber prescribed in the international 
standard (ITU-T G.652). 

[0082] Referring to Figs. 13 to 15, the second to ninth 
samples prepared as the optical fibers according to the 
present invention will next be explained. Fig. 13 is a table 
specifying various characteristics of the optical fibers of 
each of the samples B to I and comparative example B. The 
optical fiber of each of the samples B to I has a sectional 
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structure and refractive index profile shown in Fig. 6. 
Namely, the core region is comprised of pure silica glass, 
while the cladding region is comprised of silica glass doped 
with fluorine. On the other hand, the optical fiber of the 
comparative example B is the single mode optical fiber 
based on the international standard (ITU-T G. 652); the core 
region is comprised of silica glass doped with Ge0 2? while 
the cladding region is comprised of pure silica glass. 
[0083] With respect to each optical fiber of the samples 
B to I and the comparative example B, Fig. 13 represents 
relative refractive index difference A n (%), core diameter 
2a ( u m), cable cutoff wavelength (nm), mode field diameter 
( ii m) at the wavelength of 1310 nm, zero dispersion 
wavelength (nm), chromatic dispersion (ps/nm/km) at the 
wavelength of 1550 nm, dispersion slope (ps/nm /km) at the 
wavelength of 1550 nm, zero dispersion slope (ps/nm 2 /km), 
transmission loss (dB/km) at the wavelength of 1310 nm, 
transmission loss (dB/km) at the wavelength of 1380 nm, 
increase of loss (dB/km) caused by OH-radical at the 
wavelength of 1380 nm, transmission loss (dB/km) at the 
wavelength of 1550 nm, and fiber structure. 
[0084] Namely, in the optical fiber of the sample B, the 
relative refractive index difference A n is 0.38 %, the core 
diameter 2a is 7 .80 n m, the cable cutoff wavelength is 1166 
nm, the mode field diameter at the wavelength of 1310 nm is 
8.53 u m, the zero dispersion wavelength is 1318 nm, the 
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chromatic dispersion at the wavelength of 1550 nm is 14.97 
ps/nm/km, the dispersion slope at the wavelength of 1550 
nm is 0.0540 ps/nm 2 /km, the zero dispersion slope is 0.0793 
ps/nm /km. 

[0085] In the optical fiber of the sample C, the relative 
refractive index difference A n is 0.395 %, the core diameter 
2a is 8.16 jam, the cable cutoff wavelength is 1230 nm, the 
mode field diameter at the wavelength of 1310 nm is 8.60 ju 
m, the zero dispersion wavelength is 1313 nm, the chromatic 
dispersion at the wavelength of 1550 nm is 15.46 ps/nm/km, 
the dispersion slope at the wavelength of 1550 nm is 0.0544 
ps/nm 2 /km, the zero dispersion slope is 0.0806 ps/nm 2 /km. 
[0086] In the optical fiber of the sample D, the relative 
refractive index difference A n is 0.39 %, the core diameter 
2a is 8.02 jll m, the cable cutoff wavelength is 1200 nm, the 
mode field diameter at the wavelength of 1310 nm is 8.57 ju 
m, the zero dispersion wavelength is 1313 nm, the chromatic 
dispersion at the wavelength of 1550 nm is 15.39 ps/nm/km, 
the dispersion slope at the wavelength of 1550 nm is 0.0537 
ps/nm 2 /km, the zero dispersion slope is 0.0801 ps/nm 2 /km. 
[0087] In the optical fiber of the sample E, the relative 
refractive index difference An is 0.395 %, the core diameter 
2a is 7.56 ja m, the cable cutoff wavelength is 1135 nm, the 
mode field diameter at the wavelength of 1310 nm is 8.37 ja 
m, the zero dispersion wavelength is 1318 nm, the chromatic 
dispersion at the wavelength of 1550 nm is 14.86 ps/nm/km, 
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the dispersion slope at the wavelength of 1550 nm is 0.0531 
ps/nm /km, the zero dispersion slope is 0.0789 ps/nm /km. 
[0088] In the optical fiber of the sample F, the relative 
refractive index difference A n is 0.42 %, the core diameter 
2a is 7.60 \i m, the cable cutoff wavelength is 1260 nm, the 
mode field diameter at the wavelength of 1310 nm is 8.33 jjl 
m, the zero dispersion wavelength is 1307 nm, the chromatic 
dispersion at the wavelength of 1550 nm is 15.75 ps/nm/km, 
the dispersion slope at the wavelength of 1550 nm is 0.0536 
ps/nm 2 /km, the zero dispersion slope is 0.0816 ps/nm 2 /km. 
[0089] In the optical fiber of the sample G, the relative 
refractive index difference A n is 0.385 %, the core diameter 
2a is 8.14 jj. m, the cable cutoff wavelength is 1184 nm, the 
mode field diameter at the wavelength of 1310 nm is 8.72 n 
m, the zero dispersion wavelength is 1312 nm, the chromatic 
dispersion at the wavelength of 1550 nm is 15.90 ps/nm/km, 
the dispersion slope at the wavelength of 1550 nm is 0.0547 
ps/nm /km, the zero dispersion slope is 0.0800 ps/nm /km. 
[0090] In the optical fiber of the sample H, the relative 
refractive index difference An is 0.38 %, the core diameter 
2a is 8.52 jjl m, the cable cutoff wavelength is 1226 nm, the 
mode field diameter at the wavelength of 1310 nm is 8.92 ju 
m, the zero dispersion wavelength is 1304 nm, the chromatic 
dispersion at the wavelength of 1550 nm is 16.66 ps/nm/km, 
the dispersion slope at the wavelength of 1550 nm is 0.0548 
ps/nm 2 /km, the zero dispersion slope is 0.0819 ps/nm 2 /km. 
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[0091] In the optical fiber of the sample I, the relative 
refractive index difference An is 0.36 %, the core diameter 
2a is 8.10 Atm, the cable cutoff wavelength is 1133 nm, the 
mode field diameter at the wavelength of 1310 nm is 8.92 p, 
m, the zero dispersion wavelength is 1317 nm, the chromatic 
dispersion at the wavelength of 1550 nm is 15.39 ps/nm/km, 
the dispersion slope at the wavelength of 1550 nm is 0.0544 
ps/nm /km, the zero dispersion slope is 0.0790 ps/nm /km. 
[0092] It is noted that in any of the optical fibers of the 
samples B to F, the transmission loss at the wavelength of 
1310 nm is 0.32 dB/km or less, the transmission loss at the 
wavelength of 1380 nm is 0.31 dB/km or less, the increase of 
loss caused by OH-radical at the wavelength of 1380 nm is 
0.10 dB/km or less, the transmission loss at the wavelength 
of 1550 nm is 0.176 dB/km or less. Additionally, any of the 
optical fibers has pure silica core and fluorine-doped 
cladding. 

[0093] On the other hand, in the optical fiber of the 
comparative example B, the cable cutoff wavelength is 1158 
nm, the mode field diameter at the wavelength of 1310 nm is 
9.13 ix m, the zero dispersion wavelength is 1316 nm, the 
chromatic dispersion at the wavelength of 1550 nm is 16.50 
ps/nm/km, the dispersion slope at the wavelength of 1550 
nm is 0.0584 ps/nm 2 /km, the zero dispersion slope is 0.0850 
ps/nm 2 /km. In addition, the transmission loss at the 
wavelength of 1310 nm is 0.33 dB/km or less, the 
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transmission loss at the wavelength of 1380 nra is 0.62 
dB/km, the increase of loss caused by OH-radical at the 
wavelength of 1380 nm is 0.31 dB/km or less, the 
transmission loss at the wavelength of 1550 nm is 0.19 
5 dB/km or less. The optical fiber of the comparative example 

B has Ge-doped core and pure silica cladding. 
[0094] Fig. 14 is a graph representing the positions of 
(MFD, X cc ) of the respective optical fibers of the samples B 
to F and the comparative example B and also representing 

10 the equi-chromatic-dispersion curves at the wavelength of 

1550 nm on the two-dimensional space defining the mode 
field diameter MFD at the wavelength of 1310 nm as the 
abscissa and the cable cutoff wavelength X cc as the ordinate. 
Note that in Fig. 14, symbols AB to AF denote the (MFD, 

15 X cc ) of the optical fibers of the samples B to F, while 

symbol AB denotes the (MFD, X cc ) of the optical fiber of 
the comparative example B. In addition, graph G910 
represents the equi-chromatic-dispersion curve of the 
standard single mode optical fiber having the chromatic 

20 dispersion of 17 ps/nm/km or less, graph G920 represents 

the equi-chromatic-dispersion curve of the standard single 
mode optical fiber having the chromatic dispersion of 16 
ps/nm/km or less, and graph G930 represents the equi- 
chromatic-dispersion curve of the standard single mode 

25 optical fiber having the chromatic dispersion of 15 ps/nm/km 

or less. On the other hand, graph G940 represents the equi- 
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chromatic-dispersion curve of the fiber with pure silica core 
having the chromatic dispersion of 16 ps/nm/km or less, and 
graph G950 represents the equi-chromatic-dispersion curve 
of the optical fiber having pure silica core having the 
chromatic dispersion of 16 ps/nm/km or less. 
[0095] As can be seen from Fig. 14, as compared with 
the optical fiber of the comparative example B, in the optical 
fiber of each sample, the chromatic dispersion is small even 
if the MFD and X cc are the same. 

[0096] Fig. 15 is a graph representing the positions of 
(MFD, X cc ) of the respective optical fibers of the samples B 
to F and the comparative example B and also representing 
the equi-dispersion slopes at the wavelength of 1550 nm on 
the two-dimensional space defining the mode field diameter 
MFD at the wavelength of 1310 nm as the abscissa and the 
cable cutoff wavelength X cc as the ordinate. Note that in 
Fig. 15, symbols AB to AF denote the (MFD, X cc ) of the 
optical fibers of the samples B to F, while symbol A B 
denotes the (MFD, X cc ) of the optical fiber of the 
comparative example B. In addition, graph G1010 
represents the equi-dispersion slope curve of the standard 
single mode optical fiber having the dispersion slope of 
0.055 ps/nm /km or less, and graph G1020 represents the 
equi-dispersion slope curve of the standard single mode 
optical fiber having the dispersion slope of 0.059 ps/nm 2 /km 
or less. On the other hand, graph G1030 represents the equi- 
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dispersion slope curve of the optical fiber having pure silica 
core having the dispersion slope of 0.055 ps/nm /km or less. 
As can be seen from Fig. 15, as compared with the optical 
fiber of the comparative example B, in the optical fiber of 
each sample, the dispersion slope is small even if the MFD 
and X cc are the same. 

[0097] As described above, in the aforementioned optical 
fiber according to the present invention where the mode 
field diameter MFD at the wavelength of 1310 nm is 9 ju m 
or less, as compared with a GeC>2-doped silica-based optical 
fiber based on the international standard (ITU-T G.652), the 
chromatic dispersion at the wavelength of 15 50 nm and the 
dispersion slope at the wavelength of 15 50 nm are small 
even if the cable cutoff wavelength X cc and the mode field 
diameter MFD at the wavelength of 1310 nm are the same. 
INDUSTRIAL APPLICABILITY 

[0098] The optical transmission according to the present 
invention is applicable to a long-haul transmission line with 
low loss, and the optical fiber in accordance with the 
invention is applicable to an optical communication of not 
only 1.3 ju m wavelength band but also 1.55 wavelength 
band as a transmission medium of a WDM optical 
communication system capable of transmitting signal light 
with a plurality of channels. 
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